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Abstract 
The paper considers the topical issues of radiation situation at the objects of the construction sector and the municipal economy 
in the resort Caucasus Mineral Waters region. The radiation characteristics such as gamma-radiation dose rate of territories and 
rooms, the indoor radon volume activity, the content of naturally occurring radionuclides in construction materials were studied. 
It was determined that for all the characteristics examined in various territories and buildings the exceedance of the allowable 
norms is registered. The guests of the resort cities do not get an elevated level of exposure to radiation during the short time 
period. In order to avoid the dangerous level of exposure to radiation caused by the objects of construction sector and municipal 
economy to the local residents, it is required to exclude the erection of buildings and constructions without the radiation control 
as well as to examine the radiation characteristics of the operated building stock of the resort region. A software program has 
been suggested, the application of which allows forming a radiation characteristics database as well as developing electronic 
maps of the radiation situation in the cities of the Caucasus Mineral Waters region. 
© 2016 The Authors. Published by Elsevier Ltd. 
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As a rule, the population perceives the resort Caucasus Mineral Waters region (CMV region) as the one of unique 
balneological properties and, consequently, no environmental characteristics of that can cause any concerns. 
However, the research being carried out by the authors allow drawing a conclusion that according to a number of 
parameters the objects of construction sector and municipal economy do not meet or partially meet the requirements 
of the effective normative documents [1-11]. 
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The paper presents an analysis of the existing radiation and ecological situation at municipal economy objects in 
the resort CMV region as well as the materials being developed by the authors, which are aimed at improving the 
management and control of radiation safety and at reducing the levels of public exposure to radiation. 
The main task of the research of all radiation characteristics is to analyze the public exposure levels on the basis 
of the effective normative documents, and if proved necessary to reduce the radiation burden to the normative 
values. The regulatory values of the impact of natural sources are stated in point 5.1.2 OSPORB-99/2010 [12] (Basic 
Sanitary Rules for Radiation Safety). The radiation of up to 5 mSv/year is considered to be acceptable, it is elevated 
at the values of 5-10 mSv/year and high if it exceeds 10 mSv/year. In this regard, both the contribution of natural 
sources (space irradiation, radiation from soils, rocks, the radiation of natural water, etc.) and the anthropogenic 
contribution (the formation of radiation background of rooms and territories due to the radioactivity of construction 
materials applied for construction purposes in a particular region) [13-15] should be taken into account. Thus, the 
regularities of the formation of individual annual radiation burden for population have explicit regional specific 
features. 
The levels of public exposure to radiation in the CMV region due to natural sources activity like in other regions 
of the Russian Federation are formed through the radiation situation in the open areas and in indoor rooms. By the 
present time we have carried out more than 1000 measurements of the radiation characteristics at the objects of 
construction sector and municipal economy in resort cities of the CMV region. 
In cities the public outdoor exposure to radiation is mainly formed trough the combination of four basic factors: 
x space irradiation; 
x radiation from soils, soil-forming materials and underlying bedrocks; 
x radiation from construction materials applied for building construction and highway engineering of each city; 
x anthropogenic and technology-related sources – refuse dumps, waste landfills etc. 
And here, it seems to be impossible to manage to reduce the space irradiation as well as the radiation from soils 
and underlying bedrocks. The absolute elevation of a territory location directly influences the formation of the space 
irradiation. The space irradiation level multiplies approximately by 2 every 1000 m above the sea level. The resort 
cities of Pyatigorsk, Zheleznovodsk, Yessentuki are located at the altitude of 500-600 m above the sea level, and the 
absolute elevation of the resort city of Kislovodsk is 800-1070 m. Consequently, for resort cities of the Caucasus 
Mineral Waters region both the intensity of the space irradiating and the radiation burden caused by it are 
approximately 1,5-2 times higher than for the cities located in flat terrain [13]. 
Territories of the resort CMV region are represented by rock formations the radiation characteristics of which 
differ significantly [16-17]. The zones of structural-and-stratigraphic nonconformity can be found in the region 
where uranium was mined during many years, the given territories are located in proximity to the cities of 
Lermontov and Pyatigorsk. We studied the gamma-radiation dose equivalent rate as well as the content of naturally 
occurring radionuclides in the soils and underlying bedrocks both in the cities and at the adjacent territories. The 
given characteristics directly influence both the level of public outdoor exposure to radiation and the formation of 
the radiation background in indoor spaces of buildings constructed in these territories. According to the data of the 
Federal Service for Surveillance on Consumer Rights Protection and Human Wellbeing of the Stavropol Territory 
[18-19] there are no maps showing the potential radiation hazard for the territories of resort cities of the CMV 
region, thus, the conducting of such research which allows determining the radiation hazard levels for particular 
territories as well as the radiation measurements database formation being the basis for the given mapping are 
relevant tasks. 
According to the results of the field measurements, the gamma-radiation dose equivalent rate in the urban 
territories of the CMV region amounts to 0,15-0,30 mcSv/h, i.e. corresponds to the mean background values in the 
Russian Federation territory. However, in some territories located in proximity to Pyatigorsk and Lermontov the 
values of gamma-radiation dose equivalent rate of over 0,50 mcSv/h and in some particular cases of over 0,80 
mcSv/h were recorded. The data concerning the content of naturally occurring radionuclides in the soils and rocks of 
the region show a good convergence with the values of gamma-radiation dose equivalent rate, since for the 
territories with the gamma-radiation dose of 0,15 mcSv/h the efficient specific activity of naturally occurring 
radionuclides in soils and rocks does not, as a rule, exceed 40-50 Bq/kg, for the territories with the values of 0,5-0,8 
mcSv/h the efficient specific activity values of naturally occurring radionuclides in soils and rocks exceed 300 
Bq/kg, and in some particular cases it reaches the values of 450-500 Bq/kg. The radon flux density in the resort 
2033 L.I. Khorzova et al. /  Procedia Engineering  150 ( 2016 )  2031 – 2035 
region territory also has scattered values which belong to all the three classes of potential radon hazard according to 
the norms effective in the Russian Federation. In accordance with the data given in the works [20-21], the mean 
values of radon flux density in the territory of Lermontov amount to 250 mBq/(m2·s), ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɫɨɫɬɚɜɥɹɸɬ 4500 mBq/(m2·s),which is by several orders of magnitude greater than worldwide mean values equaling 
to 18 mBq/(m2·s).  
Taking into account the density of the resort cities location as well as the territorial expansion prospects 
(including the possible merge of the CMV region cities into an entire megalopolis), the detailed study and mapping 
of the potential radon hazard of both the resort cities territory and the potential expansion territories are necessary. 
By the present time we have examined 125 samples of construction materials and raw materials applied for 
erecting buildings and constructions in the resort CMV region, the measured values of the efficient specific activity 
of naturally occurring radionuclides amount to less than 370 Bq/kg, i.e. in accordance with the requirements set by 
NRB-99/2009 (Radiation Safety Norms) [22] all the construction materials belong to class 1 and can be used for the 
construction of any objects. Some concrete products had the largest values of the effective specific activity of 
naturally occurring radionuclides reaching 250-320 Bq/kg. To provide the required radiation safety as well as for the 
control of public exposure levels we are forming a radiation characteristics base for construction materials, including 
the indication of potential exposure levels when the materials are used in various types of constructions. 
In the resort cities of the CMV region the examination of the radiation safety of indoor spaces both in buildings 
under construction and under operation also requires a special attention. Up to the present time we have examined 
more than 800 rooms in the resort region. According to the effective requirements, the gamma-radiation dose 
equivalent rate and radon volume activity in indoor air should be controlled. The values of the gamma-radiation 
dose rate for the examined rooms in the cities of Pyatigorsk, Kislovodsk, Essentuki amount to 0,18-0,45 mcSv/h. It 
means, according to this parameter no significant exceedance has been revealed for the rooms in these cities. The 
radon volume activity in the examined rooms of the given cities amounts to: 
x for the first floor 65-140 Bq/m3; 
x for the second and further floors 15-50 Bq/m3; 
x for basement level 115-250 Bq/m3. 
Thus, the radon characteristics of the examined rooms (except for some basement units) do not exceed the norms 
of 200 Bq/m3 set for residential rooms. It should be noted here that according to the data of the Federal Service for 
Surveillance on Consumer Rights Protection and Human Wellbeing of the Stavropol Territory, the CMV region 
belongs to the territories with high public exposure to radiation due to radon impact. 
To obtain full data on the radiation situation of indoor spaces it is necessary to examine all the buildings most of 
which were built without radiation surveillance due to the absence of the requirements at the time of their 
construction. However, the entire examination of all the buildings is significantly time-consuming and expensive. 
Therefore we suggest that a scheme should be developed for selected buildings examination, which would cover all 
the districts of the resort cities, and in the case if rooms with high radiation characteristics are revealed, detailed 
examinations of the rooms in those districts should be carried out. It is most rational to start this work with the city 
of Lermontov where the radiation situation in indoor spaces is formed through the combination of elevated radiation 
background and additional anthropogenic impact due to the use of local raw materials for the construction of a 
number of buildings, since in the previous years those materials were excavated in proximity to the uranium mines. 
Thus, the radiation situation at construction sector objects of the resort CMV region is not critical but requires a 
continuous attentive concern, improvement of the scientific-and-methodical approach to the studies, and interference 
if necessary in order to provide the required level of radiation safety for the population. It should be noted here that 
only people who permanently live in the resort region are more exposed to radiation due to the radioactivity of the 
objects of construction sector and municipal economy. People who rest in the resort cities do not spend there enough 
time to get the radiation-absorbed dose which corresponds to the elevated level of exposure to radiation, since the 
holidays do not exceed, as a rule, 3-4 weeks. 
To organize qualitative control of the radiation characteristics in the resort region, we have developed a computer 
program which is being tested; the operating principle of the program is shown in fig. 1. 
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Fig. 1. Operation Flowchart of software product aimed at the control of the radiation situation in construction sector of the CMV region 
The main task of the program presented in fig. 1 is the organization of qualitative control of the radiation 
situation at the objects of construction sector and municipal economy of the CMV region. The objects to be 
controlled are: 
x rooms of buildings, irrespective of the purpose of use; 
x territories of resort cities including those potentially designated for the construction of buildings; 
x construction raw materials and construction materials both of local manufacturing and  imported to the Stavropol 
Territory; 
x water which is, first of all, the source of water supply for population. 
As input data, the program uses the results of the fulfilled examinations including the most detailed description of 
the objects under examination (for example, the following data should be inputted for rooms: address, time and date 
of measurements, construction materials of which the building is built, the floor at which the room is located, other 
information characterizing specific features of the room). Then the measurement results get to the database of 
radiation characteristics and are added to the electronic map of radiation characteristics of a particular resort city. 
The electronic maps are continually renewed and amended which allows revealing the territories belonging to 
various categories of potential radiation hazard. In the case if construction sector objects with the characteristics 
exceeding the allowable levels are revealed, the program will output special recommendations aimed at reaching the 
required public safety level. Measures for reducing the gamma-radiation dose rate or the radon volume activity are 
suggested for rooms both in buildings under operation and in newly-built ones. Depending on the revealed radiation 
characteristics, various measures suggested for the territories designated for the construction of buildings can be 
included into design documentation, the essence of the measures being the avoiding of the radiation characteristics 
exceedance in a building under construction. 
On the basis of the ideas set forth, a series of conclusions can be drawn: 
1. The radiation situation at construction sector objects of the resort CMV region is not critical but requires a 
continuous attentive concern, improvement of the scientific-and-methodical approach to the studies, and 
interference if necessary in order to provide the required level of radiation safety for the population.  
2. People who rest in the resort cities do not spend there enough time to get the radiation-absorbed dose which 
corresponds to the elevated level of exposure to radiation, since the holidays do not exceed, as a rule, 3-4 
weeks. 
3. It is required to exclude all types of construction in the resort CMV region, which do not undergo the 
corresponding radiation control and do not meet the radiation safety requirements. 
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4. The development and improvement of the organizational-and-methodic and scientific-and-technical 
instruments aimed at reducing the level of public exposure to radiation should be continued. 
5. It is necessary to map the radiation situation both at the objects of construction sector and municipal economy 
of the resort cities in the CMV region and the adjacent territories targeted for prospective development in 
order to ensure all the radiation safety measures required for construction and operation of building and 
constructions in these territories. 
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